a b s t r a c t ''Ecosystem Services'' is now a well-defined and active enough field of scholarship to warrant its own academic journal (this paper is published in the inaugural issue). In this paper we describe the authorship structure of this rapidly emerging transdisciplinary field, which has so far generated over 2400 papers (as of January 2011) listed in ISI Web of Science journals, written by over 2000 authors since the 1990s. We describe the number of publications, the number and interconnection of co-authors, clusters of co-authors, and other variables for the top 172 authors who have authored or co-authored more than 5 papers each. These 172 authors together have written over half the total papers. This allows a coherent picture of current participants in the field and their collaborative interconnections. These methods can be applied to any topic area and represent one way to better understand and support emerging scholarship that goes beyond disciplinary boundaries.
Introduction
During the nineteenth century, a shift occurred within scholarship from a generalist and interdisciplinary perspective towards one of increasing specialization (Costanza et al., 1997) . This shift in focus occurred for a variety of reasons including: (1) available funding geared towards products and patents (Kubiszewski et al., 2010) ; (2) a staggering increase in available information (Cummings, 1989) ; and (3) unprecedented demand for new innovations (Frost and Jean, 2003) .
However, in the recent decades, problems that transcend disciplinary boundaries have become increasingly urgent. Disciplines, although creating a foundation for interdisciplinarity (Klein, 2000) , on their own create artificial barriers to asking appropriately scaled questions and create perspectives, worldviews, and modes of thought unique to individual disciplines (Kincheloe, 2001) . Real-world problems today require a broader outlook as a means of understanding the complexity of the whole-system and potential solutions (Bill et al., 2001) . Increasingly, these solutions are more likely to result from interdisciplinary research and practice (Rafols and Meyer, 2010) .
In the past few years, many new inter and transdisciplinary fields, and their associated scientific communities and journals, have been created. The study of ''ecosystem services'' is one such transdisciplinary community. Creation of new institutions has also occurred, with the specific goal of connecting scientists from different disciplines together with policy-makers and practioners to collaborate in developing creative on-the-ground ideas and solutions, outside a single discipline's or scientist's knowledge (Frost and Jean, 2003; Cech and Rubin, 2004) . The Ecosystem Services Partnership (ESP) is one such institution that supports this new journal (www.es-partnership.org). Other movement in this direction include the creation of interdisciplinary courses (Eagan et al., 2002) , establishment of new degrees, and the reallocation of funds and policies to encourage cross-disciplinary collaboration (Jacobs and Amos), creating a greater likelihood of breakthroughs (Carayol and Thi, 2005) . As has been said: 'Real-world problems do not come in disciplinary-shaped boxes' (Jeffrey, 2003) , and neither do the solutions associated with these problems.
With all the new activity surrounding inter and transdisciplinary scholarship, there is a growing need to better define and identify what it is and how it is structured (Aram, 2004) . Different disciplines, institutions, and countries often use different typologies of interdisciplinary scholarship (Huutoniemi et al., 2010) and there is no single standard (Klein, 2006 (Klein, , 2008 . Also, determining where disciplinary boundaries lie and what represents crossing them is a challenge. Often as a field creates new knowledge and evolves, its boundaries shift and change, creating new expectations and the need for new measurements (Carayol and Thi, 2005) .
In this paper we develop a quantification, mapping, and visualization of the authorship structure of the transdisciplinary field of ecosystem services. We assess the number of co-authors and the size and structure of the networks around the publications in the field. Similar studies using co-authorship have been done looking at specific disciplines to determine whether overlap exists (Schummer, 2004) or finding the degree of interdisciplinarity of a journal or a specific discipline (Qiu, 1992) , but our approach offers a more complex assessment of the authorship structure within a specific field.
Methods
Data used was collected on January 2, 2011 from the Institute for Scientific Information's (ISI) Web of Science for the analysis of the topic area of ''ecosystem services''. ISI provides data for a large subset of peer-reviewed journal articles. Different subscription levels are available. The one we used through Portland State University includes articles published from 1972. Unlike Google Scholar, it does not include books, book chapters, magazine articles, or other forms of publication. However, ISI does contain the majority, although not all, peer-reviewed journal articles within the topic area.
We utilized ISI's Web of Science to retrieve the names of all authors that have published at least five papers with the term 'ecosystem service' or 'ecosystem services' as a ''topic'' (the term appears in the title, abstract, or keywords of the paper)
1 . This search resulted in 172 authors, which we will call key authors 2 .
For these key authors we retrieved the number of papers published on ecosystem services, the h-index 3 based on these papers, the total number of co-authors, total number of citations, average number of citations, the institution from which they published their latest paper, and the country of that institution (data can be found in Appendix A). We then plotted those results using a Google Docs gadget called ''Motion Chart.'' Using ISI, we were also able to retrieve, for each key author, the number of papers co-authored with all other key authors. This data was put into Omnigraffle software to create a visualization of the ecosystem services network.
Results
Since 1983, when the first paper using the term ''ecosystem services'' was published (Ehrlich and Mooney, 1983) , 2386 papers on this topic have been published in journals included in the ISI database 4 . This trend has been, up until now, on an exponential published and an author's h-index (Fig. 1 ). This is not surprising, since the more papers an author publishes the better their chances of getting cited and raising their h-index. We also found that the total number of papers was linearly related to the total number of coauthors (R 2 ¼0.33) (Fig. 2) . As the number of papers increased, the number of coauthors increased significantly so co-authoring allows an author to produce more papers and thus get more citations. No significant relationship existed between number of papers and the average citations or average co-authors, however. We also found a significant relationship between the number of coauthors and the number of citations (Fig. 3) (R 2 ¼0.18 ) and between the number of co-authors and the author's h-index as calculated using just these papers (Fig. 4) (R 2 ¼0.30). This could be the result of more co-authors leading to higher quality, more citeable papers. However, it could also be that more co-authors allow greater opportunities for self-citation and discovery of the paper by associates of the co-authors, or some combination of these effects. We also used the data collected from ISI Web of Science to create a network diagram (Fig. 5) . Within this network, each bubble represents an author, the size of the bubble represents the number of papers published by that author on ecosystem services, the color of the bubble indicates the country of the author, and the thickness of the lines between two authors indicate the number of papers they co-authored. Fig. 5 shows the key authors arranged into clusters that minimize the distance between authors (weighted by line thickness) and the number of line crossings. We identified eight relatively distinct clusters of coauthor groupings, all with slightly different characteristics. For example, two clusters had a composition of key authors from only one country: the cluster of 10 South African authors in the upper middle of the diagram, and the cluster of 7 British authors on the right of the diagram. These clusters showed high rates of co-authorship within the group, but only sparse coauthorship outside the groups. Other clusters exist in which the coauthors within the clusters primarily surround one author that has published a significant number of papers (i.e. those around Costanza and Folke on the left of the diagram). The cluster on the lower right is interesting in the number and degree of co-authorship of its members. It includes 21 authors from 10 countries, none of whom have published more than 13 papers, but who have an average 10 co-authors. This creates a large, dense cluster of highly interconnected authors. On the other extreme is the small cluster on the upper right of the diagram consisting of 7 authors with an average of 3.4 co-authors.
Several authors do not neatly fit into any of the clusters and were placed between the clusters as connectors (i.e. Robin Naidoo, Diana Wall, and Margaret Palmer). Twenty-one (12%) of the key authors have not coauthored a paper with another key author, and four pairs of coauthors were not connected to any other key authors. These were arranged at the top of the figure with no lines connecting them to other authors.
Discussion
What can we say about the structure of this topic area? We can first characterize it based on its overall statistics: number of papers, number of authors, number of citations, h-index of the topic area, average citations per paper, and average citations per author. Table 1 lists these statistics for ecosystem services and several other emerging transdisciplinary topic areas 5 . One can see 1 Other databases could also be used for this purpose, including Scopus or Google Scholar.
2 The cutoff at 5 papers was arbitrary, but we needed to limit the search and this cutoff point included a reasonably small number of authors and over half the papers. 3 The h-index is the number of papers by an author that have been cited at least h times. For example, an author with an h-index of 5 would have 5 papers that have been cited at least 5 times. 4 Actually, there was an earlier use of the related term ''nature's services'' in Westman (1977) . 5 We chose these fields somewhat arbitrarily simply to give some context and leave a more elaborate analysis for further research. One problem is that ISI treats searches for ''topic'' somewhat narrowly. For example, our search turned up only 623 papers with the topic ''ecological economics'' even though the journal Ecological Economics currently publishes around 300 papers/yr. We can surmise that ecological economics is already a fairly advanced field (with ecosystem services as just one topic from this, for example, the relative magnitude of activity in this topic area (i.e. 2462 papers published vs. 837 for environmental ethics) and the relative rate of co-authorship (i.e. 2.83 average number of co-authors vs. 1.0 for environmental ethics). (footnote continued) area within it) and ISI is picking up only papers about ecological economics not all the papers within the domain of ecological economics.
plots these characteristics for these five topic areas as a spider diagram. All characteristics have been scaled to 1 for the largest value in the group and the rest as fractions of that value. One can see from this that ecosystem services stands out from the others in all but the average citation/author category and number of subject areas. This makes sense since it has more than twice the number of co-authors as the next highest topic area and thus citations per author would be expected to be less. This is actually a bit misleading, however, since in ISI all co-authors are credited with citations to a co-authored paper, but this does not show up in the aggregate statistics. For example, in aggregate, Ecosystem Services has 2.83 authors/paper (6958 authors divided by 2462 papers). But if one looks at the number of coauthors for each individual author (Appendix Table A1 ) and takes the average of those, one gets an average of 4.5 co-authors per author on the papers they have written. Suffice it to say that the topic area of ecosystem services is highly collaborative, prolific, and well cited. But a more subtle and complex characterization concerns the pattern of co-authorship. This is one way to create the ''social capital'' of the topic area and distinguishes topic areas that are largely the domain of individual scientists from those that are largely group efforts 6 . The more detailed analysis by individual authors shows that only 12% of the key authors did not co-author any of their papers and were not connected to the network. Fig. 5 is a graphic representation of the complexity of this network structure. It shows several distinct clusters and a relatively small 6 Co-authorship can also reflect the norms in different disciplines, of course.
For example, it is not uncommon for high energy physics papers to include hundreds of co-authors, while history is most often done by single authors. While this certainly reflects the degree of cooperation on the publications, there may be other ways to collaborate that are not picked up using authorship structure.
number of unconnected authors. This is as one would expect for an active social network with high social capital. It also shows several distinct types of clusters as noted in the results section above. Some clusters form around central individual authors, some around groups within a county or institution, some among diverse authors who frequently publish with each other, etc. The groupings range from physical proximity to common interests to long-standing friendships. They probably relate to engagement on joint research projects and the various reasons for that association. One important way to encourage and perform transdisciplinary scholarship is to structure it around problems and projects that require multiple disciplinary perspectives to address. Ecosystem services certainly fits this description.
Developing research and education models that further encourage transdisciplinary cooperation will most likely further enhance collaboration and co-authorship around ecosystem services. This kind of network representation will be useful for characterizing and comparing topic areas and other kinds of social networks going forward.
The structure of scholarship is changing rapidly. The increasing necessity to work across traditional disciplinary lines, combined with the increasing ability to do so, has resulted in significant blurring of traditional boundaries. There is a need to develop new ways of understanding the structure of multi, inter, and transdisciplinary scholarship, perhaps discarding ''disciplinary'' boundaries altogether. This will help to better acknowledge and reward 
